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INTRODUCTION
Based on the trading volume activity, the FX market is, by far, the largest market in the world. According to the B.I.S. (2007) survey, the daily spot and forward trading is about 1.400 billion USD 5 . The activity on this market has increased sharply over the past decade: the global FX market turnover has almost doubled between 1998 and 2007. Furthermore, the institutional setting has been transformed, in relation notably with the development of electronic platforms. These evolutions have resulted in the involvement of a much broader class of market participants treating exchange rates as a separate tradable asset class. However, such transformations concerning the way to exchange currencies are not without consequences on a key indicator, namely market liquidity.
This factor is characterized by three main features. First, there is an increasing trend in liquidity related to the whole market evolution. Second, liquidity dynamics are characterized by strong seasonal effects. Third, liquidity plays a key role during financial crisis, with some market collapses and some strong arbitrage dynamics.
Liquidity has not been intensively studied on the FX market. Several reasons may account for this lack of interest. First, the FX market is known to be extremely liquid, and thus its study may be perceived as useless. Second, its high degree of decentralization generates fragmentation and low transparency of transactions which complicates the way to define market liquidity as a whole.
Third, this market trades virtually around the clock from the Asian market opening on Sunday night until the US market closing on Friday afternoon. Finally, besides these specificities of the FX market, the usual problems encountered to analyze market liquidity remain.
Indeed, the analysis of market liquidity may be tricky for several reasons. First of all, there is no perfect measure to monitor market liquidity and the concept itself is quite elusive. Some proxies are commonly used but, as mentioned by Goyenko, Holden and Trzcinka (2009), there is little consensus on which measures are better and if they actually measure market liquidity. Aitken and Comerton-Forde (2003) show that order based measures should be prefered and Idier, Jardet and Le Fol (2009) say that the several sides of liquidity (as immediacy, depth, tightness and resiliency) are very important to get a picture of liquidity as a whole. However, depending on the market organization, and its level of transparency, it is not always possible to implement the liquidity measures of interest. We are left with the difficult problem of choosing an accurate liquidity measure. 5 The inclusion of foreign exchange swap contracts leads to a much larger figure of 3.200 billion USD.
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The FX market presents the main disadvantage to partially cross all these difficulties and again this is the reason why only few studies deal with liquidity issues.
Our first contribution is to analyze FX market liquidity based on widely used liquidity indicators.
Our dataset comprises all centralized transactions in FX market occurring between January 1, 2000
and December 31, 2009 on the Electronic Broking Services (EBS) platform. Therefore, it is possible to analyze standard liquidity indicators almost since the euro area creation.
The second contribution is to propose a new liquidity indicator (further called BIL) that only relies on transaction price series availability. This aims at further studying liquidity in the case where only prices data are available. The main benefit of such measure is to be easily calculated on almost any financial market as well as to have a clear interpretation in terms of liquidity costs. Moreover, the use of high frequency data permits to identify specific events such as liquidity accidents that would not be detected at a lower frequency.
Studies concerning the microstructure of exchange rate markets have focused on several issues.
A first strand of the literature is devoted to the key role played by order flows on the exchange rates dynamics. Several important contributions, both theoretical and empirical, have been proposed noticeably by Evans and Lyons (2002) . As a matter of fact, one assumption of microstructure studies is the dispersion of information between agents and the role of market frictions in price discovery processes (as in Amihud (2002) for example for stocks). For instance, the market organization does matter and interact with macro factors influencing the path of exchange rate dynamics. Another strand of the literature is devoted to the analysis of volatility transmission between distinct regions in the world. These analyses on volatility spillovers have greatly benefitted from the use of high frequency data as in Melvin and Melvin (2003) or Cai et al. (2008) .
We test the accuracy of our measures to detect liquidity problems in the FX market on daily data from 2000 to 2009. Moreover, we screen liquidity problems to better understand the impact accross currencies and over time. Our methodology presents some similarities with the Kaminsky, Lizondo and Reinhart (1997) signals approach that tries to predict which countries are more likely to suffer from currency crises. Here we focus precisely on liquidity problems on the FX market: we show that our liquidity indicators are able to identify liquidity tensions during specific episodes in the early 2000's (internet crash, September 2001) and during the recent financial turmoil.
The remainder of the paper is organized as follows. In section 2, we describe the main features of the FX market as well as the database. In section 3, we develop several classical liquidity mea-4 halshs-00539985, version 1 -26 Nov 2010
sures. We introduce and motivate a new liquidity indicator that we compare with the liquidity benchmarks. In section 4, we propose a signalling approach to screen liquidity problems on the FX market. Section 5 concludes the paper.
DESCRIPTION OF THE FX MARKET

Main features of the global FX market
Foreign exchange trading is dispersed throughout the world. As a result, there is no precise location and no complete recording of the activity. Trading in FX markets is unregulated, contrary to trading in other markets such as stocks or bonds. The customer market is quite opaque. Quotes 
Actors and evolution on the FX market
The foreign exchange market is composed by two segments. In the first segment, dealers trade primarily with each others: the interdealer market forms the core of the market. In the second segment, dealers trade with customers. Dealers divide their customers into two main groups: the first one is composed by the financial customers and includes asset managers (hedge funds), mutual Table in the Appendix). Overall, the share in this segment has doubled from 20% in 1995 to 40% in 2007. Several factors explain this strength of the turnover in this specific segment. First, risk-adjusted returns were particularly attractive in a context where FX were broadly trending and volatility was reaching low levels (Galati and Health (2007) ). Second, the development of electronic trading platforms contributed to higher turnovers in this segment. In particular, it allowed large financial institutions to set up algorithmic trading systems 7 . Third, institutional investors with longer-term investment horizons adapted their strategies to hold more internationally diversified portfolios. The cross-border transactions sharply increased during the past decade: they tripled -from 613 to 1896 billion USD on a daily average between 1995 and 2007 -whereas the local transactions doubled during the same period (see Table   2 in the Appendix A).
Electronic Dealing Technology: development and implications
Through the mid-1990s, the FX market was primarily reliant on phone-based technology. The phone-based network of direct relationships between banks was the principal component of the interbank market, the central source of liquidity in the FX market. During the past decade, these interbank dealing arrangements began to shift to electronic protocols. Reuters Dealing and EBS (Electronic Broking Services) both introduced interbank electronic trading platforms in 1993. An increasing part of overall FX trading volume is traded on electronic platforms: in 2001, less than 40% of interbank dealing were transacted through EBS and Reuters. In 2007, between 75% and 90% 6 The share of the interbank market in total turnover has fallen from 53% to 43% between 2004 and 2007, largely because the growth in turnover in this segment was outpaced by the expansion in the other segments. 7 However, the BIS survey notes that the share of trade transacted through electronic systems in this segment varies considerably accross countries. The structure of interdealer trading changed substantially after the introduction of electronic brokerages in early 1990's. As noted by Barker (2007) , the price discovery process on Reuters Dealing and EBS differs from the phone-based model of direct dealing in several aspects:
1. Banks participating on these platforms are not obliged to provide two-sided price quotes to other bank on demand.
2. The minimum deal size allowed on these portals is much smaller than the standard wholesale amounts used in the traditional direct-dealing relationships between banks. Furthermore, from 2005, trading on the electronic brokerages was not only restricted to dealers but broadened to some hedge funds and some automated trading programs on EBS for example.
3. These electronic portals provide a live price stream that aggregate all bids and offers posted on the system. This interbank price is continuously displayed to all market participants. However, as mentioned by Osler (2008) , contrary to most other limit-order markets, the FX market has low preand post-trade transparency. In fact, pre-trade information is limited to the best bid and ask quotes and post-trade information is a listing of transaction prices while traded volumes are not published.
FX LIQUIDITY ANALYSIS
The analysis of market liquidity is sometimes difficult due to the unavailability of some data such as volumes or quotes for example. This is typically the case for exchange rates that are mainly traded over the counter. However, as previously exposed, trading platforms for exchange rate are developing and a non negligible share of negotiations actually takes place on such anonymous plat-7 halshs-00539985, version 1 -26 Nov 2010
forms. The main advantage of these platforms, as EBS for instance, is the ex post 8 availability of data such as transaction prices, traded volumes or posted quotes.
Data and preliminary treatments
In this paper, we use a dataset provided by Reuters data tick history comprising all quotes and trades from January 1, 2000 to December 31, 2009 on the EBS Dealing Electronic Systems 9 . The data concern firm quotes and trades on a tick-by-tick basis for the spot exchange rates. Contrary to the indicatives quotes of FXFX screens, the quotes on EBS are firm in the sense that agents are committed to trade at the price that they have quoted.
Precisely, two types of orders are possible on EBS platform: quotes and hits. Quotes enter the order book until they reach a counterpart. Hits are orders that are directly fulfilled, if a counterpart is standing in the order book, or immediately cancelled out otherwise. The "type" column mentions if the reported information is a deal as "D" or a quoted price as "P".
Then we have the "Bid price" column, the "Offer price" column and finally the "Bid" and "Offer" volumes. When the type is "D", the volume recorded is the traded one. When the type is "P", the mentioned volumes are those standing at the bid and ask prices.
Concerning EURJPY for example, we have a buy initiated trade at 133.77 Yen per Euro for 1 million Euro in line 3. We have a sell initiated trade of EURUSD in line 35 at 1.345 USD per Euro for a volume of 1 Millions Euro. In the remaining analysis, we focus on the three main exchange rates: EURUSD, USDJPY and EURJPY, ending up with more than 1 billion observations. 8 We mean by "ex post" that even if market participants trading on EBS do not have real time traded volumes on their screens, data are recorded and available for expost analyses. 
Regional and historical liquidity analysis on the FX market
As a first step, we consider the regional and historical evolution of liquidity conditions. By historical, we mean that we picture liquidity in an historical perspective by considering all the data available from January 2000 until June 2009. By regional, we mean that we separate the trading activities into 4 time zones, as presented in Figure 2 
Standard liquidity indicators
Considering these four regions, we now focus on four indicators: the relative spread, the Amihud statistics, the number of transactions and the traded volumes.
Spread: It characterizes the gap between bid and ask prices. We calculate the relative spread for comparability reasons. Indeed, the raw spread has the drawback to be in unit of currency, which is not the case for the relative one. Its wideness is directly associated with the level of competition on the buy and sell sides of the market: the larger the spread, the more illiquid the market. The relative spread for currency i at transaction n recorded at time t n is: , i.e. the midpoint between the ask and bid prices. We consider "regional" average spreads by month. Note that the "averaging" aggregation pattern is not optimal, even if it is the only solution, since the pattern is smoothed and may not reveal punctual illiquidity problems over time. Graphs are reported in appendix D. Figure 4 shows that EURJPY has the highest spread, followed by USDJPY and EURUSD. Looking at the broad evolution, we note, for all currencies, a decreasing trend indicating that liquidity improves over the sample. Looking at the regional patterns, region 4 presents the strongest liquidity problems. Nevertheless, this region is also the one that shows the fastest decrease to a low spread level with some kind of convergence to the level usually observed in regions 2 and 3, i.e. Europe and US opening times.
Indeed, for all currencies it appears that Regions 2 and 3 are the most immune against liquidity problems. This is not surprising since it corresponds to business hours both in Europe and in the United States. Not surprisingly, Region 1 -the Asian opening time period, is the only region that change from active (USDJPY) to quiet (EURJPY, EURUSD) depending on the currency pair. Obviously, the end of the period is particularly marked by the 2008 crisis with peaks in spreads for all regions and all the exchange rates. Such a general increase, for all the regions and exchange rates, could suggest that the liquidity problems are broad-based and not region-specific.
Number of transactions and volumes:
The number of transactions has been often used as a proxy for the traded volume as far as volume data were not available. Over the sample, the most active currency pair is the EURUSD with around 300 000 transactions per month 10 , followed by the USDJPY with 220 000, and the EURJPY with 100 000 (see Figure 5 ). The number of transactions is the highest for the Regions 2 and 3 which correspond to the opening-time of Europe and the United
States. However, even during the overnight period, the activity on EURUSD remains important as the number of transactions during the regions 1 and 4 is around 40 000 on average per month. The number of transaction and the traded volume are linked to market depth and consider how markets are able to absorb large transactions without implying a huge price impact.
Based on these measures, EURUSD is ranked first, followed by USDJPY and EURJPY 11 . Overall, we note an increase in traded volume in all regions and for all currencies. However, these upward trends seem to have reach a peak in 2008 and we observe a sharp decrease then coupled with higher volatilities. This decrease is relatively strong whatever is the region considered. In particular, even for regions 2 and 3, the supposed most liquid ones, we observe such problems.
Amihud ILLIQ: Amihud (2002) proposes an indicator of liquidity based on daily returns and traded volumes. This indicator is perceived as an aggregated price impact measure, such that the larger this indicator, the lower the liquidity. This indicator called ILLIQ is defined as follows:
where Similarly to the spread, there is a clear difference between regions, indicating that the price impact is higher in the segments where some financial markets are closed: for instance, the ILLIQ measure is important, and has a greater volatility, in regions 1 and 4 for the EURUSD, i.e., during the overnight period in Europe. We also observe a sharp rise in the ILLIQ indicator for the different exchange rates in 2008 in relation with the financial crisis.
Understanding these indicators
To summarize, following the four indicators we come to the conclusion that the most liquid regions are regions 2 and 3. The most illiquid one is region 4 followed by region 1. However, each of them show peaks at different dates. Their volatility can be rather different and the ranking they propose can also change with the indicator. In fact, these four standard indicators are imperfect proxies for market liquidity. Moreover, they do not all represent market liquidity, but some of them represent also market illiquidity. This depends on the definition and even sometimes on the period.
For example, the number of trades can both represent market liquidity and illiquidity. Let consider a rise in the number of transactions. This may come from the fact that investors, fearing a high liquidity risk and a high price impact, are splitting their orders. Another possible explanation is that there are more liquidity providers on the market so that liquidity is increasing. A third explanation would be that some traders are actively using private information to trade on this market, so that they are liquidity consumers. This simple example shows how these indicators may be ambiguous. Tables in Appendix E: they vary in level but also in signs.
This is confirmed by the correlations between the indicators given in
In our cases, we observe that spread is positively related with ILLIQ and negatively related to the volumes for the three exchange rates. However, it is not clear that higher spreads mean less This simple analysis clearly shows the importance of crossing the several market liquidity dimensions. However, data availability is often an obstacle to such analysis. If price data are usually available, volume data are rare. At a disaggregated level, volume data is even scarcer. ILLIQ is a response to this scarcity of intraday volume, since it is originally proposed for daily data, but still need data on volume. However, it seems that the analysis based on daily data does not allow to identify properly liquidity accidents. Intraday data appears to be necessary in order to get a good assessment of liquidity dynamics. Here, we propose a new measure that meets all the criteria. Our indicator is:
based on transaction prices that are available on any market; a sum of returns and as such can easily be aggregated to any frequency; a measure of market resiliency and/or temporary price impact. It is a cost when we disregard information price moves to concentrate on liquidity price moves. 
Définition
Our new indicator, called BIL, considers only price impacts that are reversed within a period called the information horizon. It is constructed from transaction data and is defined for day t as:
with N t being the number of intra-periods. tick-by-tick returns respectively over period t. r t is the daily return assumed to be the information horizon. BIL is a positive or zero. The idea behind this formula is relatively simple. BIL focuses on the price variations that are compensated throughout the day, i.e. all variations not induced by information arrivals 12 . We assume the information to be represented by the entire period return r t ,
i.e. the permanent change in price over the day. This approach is closely related to the approach found in the literature concerning realized volatility. While sampling methods to compute realized volatility aims at eliminating the price variation due to the microstructure noise, the aim of BIL is to keep everything else but the information cumulated in r t . In other words, it represents the "tatonnement" process to converge to the true price of the asset, i.e. the mispricing or the additional cost paid by market participants due to missing liquidity. The more the price is diverging to finally go to the true value of the asset, the higher the BIL indicator. One key underlying assumption is that the asset converges to its true value by the end of the day. Moreover, we could consider this indicator computed on the four intraday regions presented previously. In this case, we get:
where N region t is the number of intra-returns for day t in a particular region and r t the daily return.
The BIL indicator measures the degree of market frictions. The more illiquid the market, the larger the temporary variations due to market frictions, and the larger the value of the BIL.
Moreover one additional advantage of this is that BIL is directly comparable between assets denominated in different currencies since it represents the "inefficient" returns per trade to converge to the true value of the asset.
Application to exchange rate data and comparisons
The suggested indicator aggregates out very easily to any frequency by just summing up the days t. For a given month, based on every transaction, the monthly indicator is the sum of the daily ones. The day still being the information horizon, the monthly BIL is the aggregation of all daily compensated price variations for month m as:
where D m is the total number of trading days in a given month 13 . For instance, any BIL close to zero means that every price variation is part of the price discovery process, while any positive BIL means that the price discovery process is blurred by the liquidity process. Obviously, the ability to filter between the information and liquidity process relies on the hypothesis of information revelation horizons. Here, we take the day as the information revelation horizon. The corresponding monthly 13 Note that the regional BIL for a month m is also the sum of the BIL the regional closing time of trade as the information horizon. In particular in the first case, the BIL is
with N h is the number of trades for region h, H is the number of regions and r J the return over the entire day J. In this formula, we consider 1l [rJ<0] as the dummy variable. However, in the second case, the daily BIL with information revelation at the end of each region would be
where r h is the return over the region h, using 1l [r h <0] as the dummy variable.
From a quantitative point of view, it appears that the two BIL are very close 14 . Notably, it does not change the correlations (as reported in appendix G) with the other indicators.
Comparison of liquidity indicators between electronic platforms. One main issue for liquidiy analysis
is the degree of order fragmentation between several alternative platforms. In the case of our three exchange rates, two electronic platforms may be considered: EBS and Reuters D-3000. These two platforms do not present the same degree of expost trade transparency, or at least data availibility on traded volumes for example. One advantage of BIL is computable from from the only price serie, and without volumes, even if, as mentionned previously, it ends up to be very close to the Amihud trade-impact measure.
The two electronic platform EBS and Reuters D-3000 tend to be specialized in specific FX parities even if few trades hold in both platforms for EURUSD in particular. As a consequence, the degree of liquidity for EURUSD on Reuters D-3000 is by far lower than the one on EBS platforms. We expect our indicator to reflect this platform segmentation and the low degree of liquidity even for the same currency pair. To compare the liquidity conditions for EURUSD on the two electronic platforms, we compute the relative spread, the BIL indicator as well as the number of trades for the period January is 12 times as big as the EBS one, and is also nearly 55 times the one on EBS during the crisis. We note that our indicator is the most sensitive to this liquidity gap between the two platforms, especially during crisis episodes. In this sense, it appears also quite accurate to illustrate the fragmentation impact of liquidity between trading platforms during crisis episodes.
DETECTION OF LIQUIDITY CRISIS ON THE FX MARKET: A SIGNAL APPROACH
Signal methodology
In this section, we test the accuracy of our measures to detect liquidity problems in the FX market.
Moreover, we screen liquidity problems to better understand the impact accross currencies and in time. In order to do so, we consider the main financial crises that have occured during our complete Concerning the Argentinean and the WorldCom crises, the detection appears to be more limited.
However, it should be noted that these periods of crisis are identified on an extended period of time (see Figure 13) . 
CONCLUSION
The aim of the paper is to understand the role, if any, of liquidity in the FX market. Even though this market is one of the most liquid one, our analysis highlights that liquidity problems have occurred during the last decade for the three major exchange rates (EURUSD, USDJPY and EURJPY), and should not be ignored. Several important results are put in light in our paper.
First, the trading organisation of the FX market has substantially changed during the last 15 years moving from a bilateral OTC market, to the intensive used of electronic trading platforms such as EBS. This migration to a centralized electronic trading scheme has several implications concerning the FX market functioning and allow for a monitoring of liquidity conditions and its impact on the price discovery process.
Second, we rely on several standard liquidity indicators -spread, number of transactions, volumes and Amihud -to get an assessment about liquidity dynamics in the FX market. We complete the picture by proposing a new liquidity indicator that meets all the criteria that a liquidity indicator should fulfilled. This new indicator (BIL) is close to a market impact, with the main advantages of relying only on price data for its computation, and being directly comparable between currencies.
One must note that this indicator is statistically close to the relative spread and the Amihud indicators, meaning that even if this indicator is based on traded prices, it is close to order based and volume based measures.
All the indicators we use show a general improvement of liquidity between 2000 and the beginning of 2007 on the three exchange rates considered. However, such global evolution could be hit by isolated liquidity problems (accidents) that affect punctually specific exchange rates. From our results, it appears that the EURUSD is the most liquid exchange rate, followed by the USDJPY and then the EURJPY, but that USDJPY exchange rate seems to be the most driven by liquidity condi- 
